The problem of laminar fluid flow which results from a permeable stretching of a flat surface in a nanofluid with the effects of heat radiation, magnetic field, velocity slip and convective boundary conditions have been investigated. The transport equations used in the analysis took into account the effect of Brownian motion and thermophoresis parameters. The solution for the velocity, temperature and nanoparticle concentration depends on parameters viz. thermal radiation parameter R , magnetic parameter M, Prandtl number Pr, Lewis number Le, Brownian motion parameter Nb, thermophoresis parameter Nt, velocity slip parameter A convection and Biot numbe Bi. Similarity transformation is used to convert the governing non-linear boundary-layer equations into coupled higher order nonlinear ordinary differential equations. These equations are numerically solved using fourth order Runge-Kutta method along with shooting technique. An analysis has been carried out to elucidate the effects of governing parameters corresponding to various physical conditions. Numerical results are obtained for distributions of velocity, temperature and concentration, as well as, for the skin friction, local Nusselt number and local Sherwood number for several values of governing parameters.
Introduction
The flow over a stretching surface is an important problem in many engineering processes with applications in industries such as extrusion, melt-spinning, the hot rolling, wire drawing, glass-fiber production, manufacture of plastic and rubber sheets, cooling of a large metallic plate in a bath, which may be an electrolyte, etc. In industry, polymer sheets and filaments are manufactured by continuous extrusion of the polymer from a die to a windup roller, which is located at a finite distance away. The thin polymer sheet constitutes a continuously moving surface with a non-uniform velocity through an ambient fluid [1] . Experiments show that the velocity of the stretching surface is approximately proportional to the distance from the orifice [2] . Crane [3] studied the steady two-dimensional incompressible boundary layer flow of a Newtonian fluid caused by the stretching of an elastic flat sheet which moves in its own plane with a velocity varying linearly with the distance from a fixed point due to the application of a uniform stress. This problem is particularly interesting since an exact solution of the twodimensional Navier-Stokes equations has been obtained by Crane [3] . After this pioneering work, the flow field over a stretching surface has drawn considerable attention and a good amount of literature has been generated on this problem [4] [5] [6] [7] [8] [9] .
Nanofluids are the suspension of nanometer-sized solid particles and fibers, which have been proposed as a means for enhancing the performance of heat transfer liquids currently available, such as water, toluene, oil and ethylene glycol mixture. Nanofluids have received the interest of many researchers recently because of their greatly enhanced thermal conductivity property [10] . One can refer the works of authors [11] [12] [13] regarding the thermal conductivity enhancement of the nanofluids available in the literature. Nowadays, the study of convective heat transfer in nanofluids become active research area due to its heat transfer enhancement characteristics. Because of the fact that cooling is one of the technical challenges faced many industries including microelectronic, transportation, solid-state lighting and manufacturing; the idea of nanofluid has been proposed as a means of alleviating these challenges.
The boundary layer flow and heat transfer due to nanofluids over a stretching sheet are a thrust areas of current research. Such investigations find applications over a broad spectrum of science and engineering disciplines. An important aspect of boundary layer flow of a nanofluid over a stretching sheet is the heat transfer characteristics. It is crucial to understand the heat transfer characteristics of the stretching sheet so that the finished product meets the desired quality. This is due to the fact that the quality of a final product depends on the rate of heat transfer at the stretching surface. Accordingly, Kuznetsov and Nield [14] have studied the natural convective boundary-layer flow of a nanofluid past a vertical plate analytically. They used a model in which Brownian motion and thermophoresis effects were taken into account. Moreover, Khan and Pop [15] used the same model to study the boundary layer flow of a nanofluid past a stretching sheet with a constant surface temperature. Very recently Ibrahim and Shanker [16] have studied the boundary-layer flow and heat transfer of nanofluid over a vertical Plate taking into account the convective surface boundary condition. Recently, Haddad et al. [17] experimentally investigated natural convection in nanofluid by considering the role of thermophoresis and Brownian motion in heat transfer enhancement. They indicated that neglecting the role of Brownian motion and thermophoresis deteriorate the heat transfer and this deterioration elevates when the volume fraction of a nanoparticles increases. Makinde and Aziz [18] to study boundary layer flow of a nanofluid past a stretching sheet with a convective boundary condition.
In all the previous investigations, the effects of radiation on the flow and heat transfer have not been studied. It is well known that radiative heat transfer flow is very important in manufacturing industries for the design of reliable equipments, nuclear plants, gas turbines and various propulsion devices for aircraft, missiles, satellites and space vehicles. Also, the effects of thermal radiation on forced and free convection flow are important in the content of space technology and process involving high temperature. Gnaneswara Reddy [19] analyzed heat generation and thermal radiation effects over a stretching sheet in a micropolar fluid. Olanrewaju et al. [20] studied the boundary layer flow of nanofluids over a moving surface in a flowing fluid in the presence of radiation. Thermophoresis effects on MHD combined heat and mass transfer in two-dimensional flow over an inclined radiative isothermal permeable surface was investigated by M. Gnaneswara Reddy [21] . Akbar et al. [22] considered the radiation effects on MHD stagnation point flow of nano fluid towards a stretching surface with convective boundary condition. Very Recently, Nadeem et al. [23] studied the heat transfer analysis of water-based nanofluid over an exponentially stretching sheet
The purpose of present paper is to examine the influence of magnetohydrodynamic (MHD) and heat radiation on boundary layer flow, heat transfer and nanoparticle fraction over a stretching surface in a nanofluid with velocity slip and convective boundary conditions. The governing boundary layer equations have been transformed to a two-point boundary value problem in similarity variables, and these have been solved numerically. The effects of embedded parameters on fluid velocity, temperature and particle concentration have been shown graphically.
Convective Transport Equations
Consider steady two-dimensional steady boundary layer flow of a nanofluid past a stretching sheet with a linear velocity variation with the distance x i.e. w u ax where a is a real positive number and x is the coordinate measured from the location where the sheet velocity is zero.
The sheet surface temperature T w , to be determined later, is the result of a convective heating process which is characterized by a temperature T f and a heat transfer coefficient h. The nanoparticle volume fraction C at the wall is w C , while at large values of y, the value is C . The flow is assumed to be generated by stretching sheet issuing from a thin 260 Influence of Magnetohydrodynamic slit at the origin. The sheet is then stretched in such a way that the speed at any point on the sheet becomes proportional to the distance from the origin. The ambient temperature and concentration, respectively, are T and C . The flow is subjected to the effect of thermal radiation and a transverse magnetic field of strength 0 B , which is assumed to be applied in the positive y direction, normal to the surface. The induced magnetic field is also assumed to be small compared to the applied magnetic field; so it is neglected. It is further assumed that the base fluid and the suspended nanoparticles are in thermal equilibrium. It is chosen that the coordinate system x -axis is along stretching sheet and y -axis is normal to the sheet.
Under the above assumptions, the governing equation of the conservation of mass, momentum, energy and nanoparticles fraction in the presence of magnetic field and thermal radiation past a stretching sheet can be expressed as follows [15 ] :
where u and v are the velocity components along the x, y directions, respectively, f is the density of base fluid, is the electrical conductivity , 0 B is the magnetic field is the absolute viscosity of the base fluid, g is the acceleration due to gravity, 
0 p y After boundary-layer approximation, the governing equations are reduced to:
The boundary conditions are:
T C C as y
Introducing the following dimensionless quantities, the mathematical analysis of the problem is simplified by using similarity transforms:
The equation of continuity is satisfied if a stream function , xyis chosen as:
The radiative heat flux in the x -direction is considered negligible as compared to ydirection. Hence, by using Rosseland approximation for radiation, the radiative heat flux 
where σ s is the Stefan-Boltzmann constant and e k -the mean absorption coefficient. It should be noted that by using the Rosseland approximation, the present analysis is limited to optically thick fluids. If the temperature differences within the flow are sufficiently small, then Eq. (15) can be linearized by expanding 4 T into the Taylor series about T , which after neglecting higher order terms takes the form 4 3 4
Thus, substituting Eq. (16) 
The corresponding boundary conditions take the form
where the governing parameters are defined as: 12 Pr , , , , is the similarity variables, the prime denotes differentiation with respect to . Pr, R, M, Nb,Nt, A and S denote a Prandtl number, a radiation parameter, a magnetic parameter, a Brownian motion parameter, a thermophoresis parameter, a Lewis number , a the velocity slip parameter and a suction parameter respectively. The important physical quantities of interest in this problem are local skin friction coefficient f C , the local Nusselt number 
By using the above equations, we get:
where
Sh are the skin friction, local Reynolds number, local Nusselt number and local Sherwood number, respectively.
Method of Solution
An efficient fourth order Runge-Kutta method along with shooting technique has been employed to study the flow model for the above coupled non-linear ordinary differential Eqs. (18) . These end conditions are utilized to produce unknown initial conditions at 0 by using shooting technique. The most important step of this scheme is to choose the appropriate finite value of . Thus to estimate the value of , we start with some initial guess value and solve the boundary value problem consisting of Eqs. (18)- (20) 0 differ only after desired significant digit. The last value is taken as the finite value of the limit for the particular set of physical parameters for determining velocity, temperature and concentration, respectively, are f , and in the boundary layer. After getting all the initial conditions we solve this system of simultaneous equations using fourth order Runge-Kutta integration scheme. The value of is selected to vary from 5 to 6 depending on the physical parameters governing the flow so that no numerical oscillation would occur.
Results and Discussion
The aim of this section is to analyze the effects of various physical parameters on the velocity, temperature and nanoparticle concentration fields, respectively. Table 2 presents the variation of the skin friction coefficient in relation to magnetic field, suction and velocity slip parameters. On observing this table, as both the values of magnetic field and suction parameters increase, the values of skin friction coefficient increase. However, the skin friction coefficient decreases as the values of velocity slip parameter increase. Table 3 has been prepared to illustrate the effects Brownian motion parameter, a thermophoresis parameter on the local Nusselt and Sherwood numbers. The first two entries show that for a fixed thermophoresis parameter,
Nt
, local Nusselt number decreases sharply with the increase in Brownian motion, that as Nb is increased from 0.1 to 0.5. However, the reduced Sherwood number increases substantially as Nb is increased from 0.1 to 0.5 but tends to plateau beyond 0.5 Nb . These observations are consistent with the initial slopes of the temperature and concentration profiles to be discussed later. As the Brownian motion intensifies, it impacts a larger extent of the fluid, causing the thermal boundary layer to thicken, which in turn decreases the local Nusselt number. The thickening of the boundary layer due to stronger Brownian motion will be highlighted again when the temperature profiles are discussed. The last two entries in Table 3 show that the local Nusselt number decreases as the thermophoresis diffusion penetrates deeper into the fluid and causes the thermal boundary layer to thicken. However, the increase in the thermophoresis parameter enhances the Sherwood number. Table 4 has been prepared to illustrate the effects of Prandtl number, radiation parameter, Biot number and Lewis number, on the local Nusselt and Sherwood numbers of the stretching sheet. On observing this table, as the values of R parameter increase, the values of 0 decrease but 0 increase. It is observed that as the Prandtl number increases further, there is a significant decrease in local Nusselt number and a significant increase in local Sherwood number. Also, an increase in Lewis number causes the reduced Nusselt number to decrease but increase the reduced Sherwood number. 5 shows the distinction of velocity profile with respect to the variation in suction parameter S. On observing these figure, as the values of S increase, the velocity profile graph decreases. Fig. 6 displays the variation of temperature with suction parameter S . As the values of suction parameter S increase, the temperature graph is decreasing. Moreover, the thermal boundary layer thickness and surface temperature is also decreasing. On the other hand the suction parameter S has a strong influence on the concentration profile as it is shown in Fig. 7 . As the values of suction parameter S increase, concentration graph decreases and the concentration boundary layer thickness decreases. 268 Influence of Magnetohydrodynamic increase in Prandtl number Pr . In short, an increase in the Prandtl number means slow rate of thermal diffusion. The graph also shows that as the values of Prandtl number Pr increase, the wall temperature decreases. The effect of Prandtl on a nanofluid is similar to what has already been observed in common fluids qualitatively but they are different quantitatively. Therefore, these properties are inherited by nanofluids.
The effect of radiation parameter on dimensionless temperature profiles is shown in Fig. 10 . It is seen that as the radiation parameter increases, the thickness of the thermal boundary layer increases. The influence of the Biot number Bi on the temperature and concentration profiles are plotted in Figures 11 and 12 respectively. It is observed that temperature field increases rapidly near the boundary by increasing Biot number. It was observed in Fig. 11 that as the convective heating of the sheet is enhanced i.e. Bi increases, the thermal penetration depth increases. Because the concentration distribution is driven by the temperature field, one anticipates that a higher Biot number would promote a deeper penetration of the concentration. This anticipation is indeed realized in Fig. 12 which predicts higher concentrations at higher values of the Biot number. Fig. 13 shows the temperature distributions in the thermal boundary layer for different values of the Brownian motion and the thermophoresis parameters. It is noticed that as thermophoesis parameter increases the thermal boundary layer thickness increases and the temperature gradient at the surface decrease (in absolute value) as both Nb and Nt increase. Fig. 14 reveals the variation of concentration in response to a change in Brownian motion parameter Nb . As the values of Brownian motion parameter increase, the concentration boundary layer thickness is decreasing. Fig. 15 illustrates the variation of concentration graph in response to a change in thermophoresis parameter Nt . The influence of thermophoresis parameter on concentration profile graph is monotonic, i.e. as the values of Nt parameter increase, the concentration boundary layer thickness is also increasing. The influence of the Lewis number on the nanoparticle concentration profiles is presented in Fig. 16 . It is clear that the Lewis number significantly affects the concentration distribution. As it is noticed from Fig. 16 , as Lewis number increases the concentration graph decreases and the concentration boundary layer thickness decreases. 
Influence of Magnetohydrodynamic
This is probably due to the fact that mass transfer rate increases as Lewis number increases. It also reveals that the concentration gradient at surface of the sheet increases. Moreover, the concentration at the surface of a sheet decreases as the values of Le increase.
Figs. [17] [18] [19] show the influence of governing parameters on dimensionless heat transfer rates, skin friction coefficient and dimensionless nanoparticle fraction rates. In Fig. 17 , it depicts that for higher values of M , skin friction coefficient presents the increasing behavior corresponding to the increasing values of S . This shows that fluid motion on the wall of the sheet accelerated, when we strengthen the effects of parameter. From Fig. 18 , it is noticed that local Nusselt number increases for increasing values of R and Bi. Fig. 19 shows the variation in dimensionless nanoparticle fraction rates against Pr and Le, respectively. As Pr increase the mass rate increase. 
Conclusions
A numerical study of the boundary layer flow in a nanofluid induced as a result of the motion of a linearly stretching sheet in the presence of heat radiation and MHD have been performed. The use of a velocity slip condition and convective heating boundary condition instead of a constant temperature or a constant heat flux makes this study more general novel. A similarity transformation is been used to transformed the governing partial differential equations into ordinary differential equations, a more convenient form for numerical computation. These equations are solved numerically using the shooting method alongside with fourth order of Runge-Kutta integration scheme. The main findings of the study are summarized as follows:
a. The thickness of velocity boundary layer decreases with an increase in magnetic field parameter M . b. Velocity profiles decrease with an increase in M . c. The velocity at the surface of a sheet decreases as the values of A increase. d. Thermal boundary layer thickness decreases with an increase in values of Prandtl number Pr . e. The thickness of thermal boundary layer increases with an increase in radiation parameter R, magnetic field parameter M and thermophoresis parameter Nt when Nb Nt . f. With the increase in Bi , the concentration layer thickens but the concentration layer becomes thinner as Le increases.
